Background: delirium is a frequent adverse consequence of hospitalisation for older patients, but there has been little research into its prevention. A recent study of Hospital in the Home (admission substitution) noted less delirium in the home-treated group. Setting: a tertiary referral teaching hospital in Sydney, Australia. Methods: we randomised 104 consecutive patients referred for geriatric rehabilitation to be treated in one of two ways, either in Hospital in the Home (early discharge) or in hospital, in a rehabilitation ward. We compared the occurrence of delirium measured by the confusion assessment method. Secondary outcome measures were length of stay, hospital bed days, cost of acute care and rehabilitation, functional independence measure (FIM), Mini-Mental State Examination (MMSE) and geriatric depression score (GDS) assessed on discharge and at 1-and 6-month follow-up and patient satisfaction. Results: the home group had lower odds of developing delirium during rehabilitation [odds ratio (OR) = 0.17; 95% confidence interval 0.03-0.65], shorter duration of rehabilitation (15.97 versus 23.09 days; P = 0.0164) and used less hospital bed days (20.31 versus 40.09, P≤0.0001). The cost was lower for the acute plus rehabilitation phases (£7,680 versus £10,598; P = 0.0109) and the rehabilitation phase alone (£2,523 versus £6,100; P≤0.0001). There was no difference in FIM, MMSE or GDS scores. the home group was more satisfied (P = 0.0057).
Introduction
Delirium (acute confusion) is a common presenting symptom of almost any medical and surgical disease in frail older patients as a result of the interaction between disease severity, comorbidity, cerebral susceptibility and environmental hostility [1] [2] [3] . Delirium is often unrecognised and results in higher morbidity and mortality [1, 2] . Despite being so common, the pathophysiology is poorly understood, the treatment is guided by little randomised evidence and the outcome is poor [1] . Some attempts to reduce delirium have used multicomponent interventions in hospital to address as many factors as possible that may induce delirium [4] [5] [6] , and an alternative approach tested was nighttime sedation [7] .
Hospital in the Home has also been reported to result in a lower incidence of confusion. In one trial, older patients attending the emergency department who required acute hospital care were randomised to receive appropriate treatment either at home or in the hospital; confusion was less common in those treated at home, but the finding was based on retrospective chart review [8] . It is unclear whether this difference in delirium incidence would also pertain during post-acute treatment that is of increasing importance with the ageing of the population [9] . Previous studies comparing hospital and home post-acute care have found no difference in health outcomes, though the general health status instruments they used were not designed to detect delirium and were mostly applied long after the patients finished their post-acute episode of care [10] [11] [12] [13] [14] .
Therefore, we conducted a randomised controlled trial (RCT) comparing in-hospital rehabilitation with early discharge rehabilitation at home for frail older patients and prospectively tested for delirium using the confusion assessment method (CAM).
Methods

Setting
The setting for this trial was the Prince of Wales Hospital, a tertiary referral hospital attached to the University of New South Wales in Sydney, Australia.
Participants
Between April 2000 and October 2002, all inpatients with a length of stay (LOS) exceeding 6 days, who were referred for geriatric rehabilitation, were eligible for inclusion in our trial on condition that they required and were suitable for rehabilitation; that is they were expected to return home and live reasonable independently after rehabilitation and lived in the local area of the hospital, but not in a nursing home. Patients and their carers were required to give informed consent.
Assessment
The initial assessment was performed by study staff, nurses or allied health before randomisation.
Overall health status was assessed by the functional independence measure (FIM) [15] , cognitive function via the Mini-Mental State Examination (MMSE) [16] , mood via the geriatric depression scale [17] on enrolment, at the start and completion of rehabilitation and at 1-and 6-month followup. The CAM [18] was performed on enrolment and then every second day during the acute and rehabilitation phases to detect delirium. No patients had delirium at enrolment, though this was not an exclusion criterion. Study staff were trained in the use of these instruments, and their scores were compared on sample patients to ensure interrater reliability.
Detailed costing analysis was made with standard casemix costing for admitted phases using data generated by the Prince of Wales Hospital Casemix Unit based on detailed costing methodologies developed and refined for inpatient admissions across Australia. This methodology is based on diagnosis-related groups and has been tested on large patient populations. Clinical cost modelling for the home-based care which summed all fixed and variable costs for non-admitted episodes of care, including overheads such as leave, locum cover and secretarial costs, and then divided costs across patient groups according to duration of patient contact with therapeutic staff, has been previously detailed [19, 20] .
The project was approved by the hospital ethics committee and overseen by a committee including consumer and other stakeholder representation.
Within 1 week of discharge from rehabilitation, satisfaction surveys were mailed to the patients, carers and their general practitioners asking them to rate the quality of rehabilitation on a five-point scale.
Intervention
Patients randomised to the home rehabilitation service were kept in hospital until they could transfer independently and mobilise sufficiently to toilet themselves. All time in hospital was counted as 'acute LOS'. Home rehabilitation was provided by a hospital-based multidisciplinary outreach service which also provides home rehabilitation for orthogeriatrics and an acute admission substitution Hospital in the Home service. This meant that if patients deteriorated once transferred home, certain conditions could be treated at home, such as infections requiring intravenous antibiotics, provided the patient was not hypotensive or hypoxic. The multidisciplinary team has been in operation since 1989, and hence is experienced in the nuances of hospital outreach services [21] . The team includes nurses, physiotherapists, occupational therapists and doctors. Patients were visited a mean of 20 times during the home rehabilitation episode by rehabilitation staff. Any equipment required was supplied free for up to 3 months.
Patients randomised to hospital rehabilitation were transferred to the geriatric rehabilitation ward when a bed was available and their acute illness was settling. We enrolled 104 patients in the study, but seven did not make it to rehabilitation, either in hospital or at home, because of a deterioration in their condition preventing rehabilitation or because of withdrawal of consent. Three required placement in an aged care facility (nursing home or hostel providing permanent care for frail older people), three died on the ward and one person had their consent revoked by a relative who transferred their parent's care to their home in a rural community.
Objectives
The objective of the study was to evaluate whether homebased rehabilitation for frail older patients was associated with a lower incidence of delirium, lower cost and greater satisfaction. In addition, the impact on hospital bed usage was evaluated.
Outcomes
Primary: Incidence of delirium measured by the CAM
The CAM diagnostic algorithm requires the presence of acute onset with fluctuating course and inattention plus either of disorganised thinking or altered level of consciousness.
It has high sensitivity (94-100%) and specificity (90-100%) for delirium [18] . We extended the range of the CAM by also examining probable or possible delirium, defined as scoring two or one items positive on the CAM, instead of the necessary three to declare delirium, as has been done before [22] .
Secondary: LOS, hospital bed days and cost of acute care and rehabilitation
Health status measured by the FIM, MMSE and geriatric depression score (GDS) assessed on discharge from rehabilitation and at 1-and 6-month follow-up and satisfaction scores.
Sample size
The study was powered to demonstrate a difference in the occurrence of episodes of delirium of 20% between the two groups, assuming an α=0.05 and a β=0.80, allowing for a 10% dropout rate with a 2 : 1 randomisation.
Randomisation
Randomisation was via computer-generated random numbers coded into opaque envelopes by a secretary using a 2 : 1 distribution to allow efficient functioning of the home rehabilitation service without affecting the power of the study. A study nurse enrolled patients and then returned to the study office to retrieve an envelope only after completing the enrolment assessment.
Blinding
Assessors were blinded to the patients' group allocation during the initial assessment because it was conducted prior to randomisation. Subsequent assessments were unblinded due to the patients' locations.
Statistical methods
We compared the patients in the two groups on a modified intention-to-treat basis, namely including all subjects who started rehabilitation, using the t-test, Mann-Whitney U test and the Chi-square test for normally distributed data, nonnormally distributed and ordinal data and categorical data, respectively.
Results
Between April 2000 and October 2002, we assessed 812 patients who were referred for geriatric rehabilitation, of which 568 did not meet the inclusion criteria and 140 subjects declined to participate ( Figure 1 ). We randomised 104 subjects.
Baseline characteristics demonstrated no significant differences between the two groups ( Table 1) . At the start of the rehabilitation phase, the FIM score was higher in the intervention group (intervention versus control; 100.31 versus 78.94; P<0.0001), indicating that intervention patients needed to be more independent before they could go home than the control patients had to be before transfer to the rehabilitation ward. This was at the expense of nearly an extra 2 days in the acute ward (18.73 versus 17.03; P = 0.4530).
The CAM was assessed on every patient every second day from enrolment to discharge from rehabilitation. From enrolment until commencement of rehabilitation, there was no difference in the rate of delirium between the two groups measured by positive CAM scores over all CAM scores in the acute phase (1.4 versus 2.5%; P = 0.6156). However, during the rehabilitation phase, there was a significantly lower incidence of delirium in the home rehabilitation group, as measured by positive CAM scores divided by all CAM scores during the rehabilitation phase [3/530 (0.6%) versus 12/376 (3.2%); absolute risk reduction = 2.6%; P = 0.0029], so that the odds ratio for developing delirium during rehabilitation was 0.17 (95% confidence interval 0.04-0.65) for the home group compared to the hospital rehabilitation group. There was a trend towards reduction in probable delirium [15/ The positive CAM scores at home in the intervention group occurred in two patients. One patient's positive CAM score occurred after 2 weeks at home and was associated with the patient being readmitted to hospital with severe pneumonia. However, the delirium settled rapidly in hospital with oxygen therapy. The second patient was taken home for rehabilitation with a positive CAM score which remained positive 2 days later but then reverted to normal for the three subsequent CAM scores, and the patient successfully completed rehabilitation at home. All of the positive CAM scores in the control group occurred a minimum of 2 weeks after transfer to rehabilitation, and hence were not because of earlier transfer to rehabilitation in the control group.
The overall length of the episode of care from hospital admission to end of rehabilitation was not significantly different between the two groups (34.91 versus 40.12 days; P = 0.1889), although 5 days appears clinically significant. However, the duration of the rehabilitation phase (time from transfer to rehabilitation at home-i.e. discharge from hospital-to end of rehabilitation at home for the home group and time from transfer to the rehabilitation ward to discharge from hospital for the control group) was significantly shorter for the home rehabilitation group (15.97 versus 23.09 days; P = 0.0164). Moreover, the home rehabilitation group used 18 less hospital bed days per episode of care (20.31 versus 40.09 days; P ≤ 0.0001).
Fifteen of the home rehabilitation group were transferred to the rehabilitation ward for a mean of 13.53 days for the 15 patients, which equated to a mean of 2.63 days over the whole home rehabilitation group, until they met the criteria for home rehabilitation, namely being able to independently transfer and mobilise to the toilet. These days were counted in their acute LOS ( Table 2) .
The overall cost in Australian dollars (£ at conversion rate 42.32 pence/A$) was significantly lower for: 
Discussion
This is the first RCT to examine incidence of delirium in different care settings to confirm that home treatment results in a lower incidence of delirium. This study compared rehabilitation at home with rehabilitation in hospital for frail elderly patients. Home rehabilitation patients attained the same level of functional independence at home as hospital rehabilitation patients, but the home rehabilitation group achieved better health outcomes as measured by rate of delirium as well as a shorter rehabilitation LOS, less use of hospital bed days and greater patient satisfaction. Delirium is a multifactorial marker for poor outcomes occurring in 15-50% of elderly medical patients and leading to a 26% 6-month mortality rate [1, 2] . Although the incidence decreases greatly after hospital day 9, it continues to be a problem among post-acute patients [3, 22] . A number of studies have looked at reduction of delirium during hospitalisation, and using different interventions all have successfully reduced two of the following: the incidence and duration and severity of delirium [4] [5] [6] , though never the same two.
The ageing of the population results in an irresistible, increasing number of frail elderly being admitted to acute hospitals for medical and surgical treatment, but shorter LOS means that they more frequently require post-acute care for rehabilitation or restoration of function [9] . It is recognised that many of these frail older patients do not do well in hospital [23] , which has led to many studies comparing at home with in-hospital post-acute care [10] [11] [12] [13] [14] 24] . However, the literature in this area is complicated by the variety of terminology including Hospital at Home, community rehabilitation, intermediate care and post-acute care all aiming to 'facilitate the transition from hospital to home, and from medical dependence to functional independence'. [25] Most studies of such post-hospital home treatment focus on administrative outcomes such as LOS and hospital bed days saved. Where health outcomes have been measured, tools which are designed to measure general or disease-specific health status have been used rather than focus on hospital-associated adverse events such as delirium. General health status tools may not be sensitive to the specific effects of hospitalisation in this group of patients.
Previous studies that have compared early discharge services for elderly medical and surgical patients against control inpatient care have found no significant differences in hospital LOS or functional outcomes, such as indices of cognitive and physical function. The functional outcomes were generally tested after discharge from care, in some cases months later [10, 11, 26] . This study suggests that the health outcomes advantage pertains most clearly during the admission or is most easily detected in a small study during admission, while on discharge we found no difference in general status, cognitive or physical function or affect.
It has been known for 40 years that the hospital environment may have a role in causing delirium [27] . Part of the success of in-hospital programs that decrease the incidence of delirium in older patients is by making the ward environment more home-like and less intrusive onto patients' daily routines [4] [5] [6] . Studies of adverse events arising from hospitalisation demonstrate other noxious effects of hospitalisation [28] . These two strands of evidence led us to wonder whether home treatment should not offer some health outcomes advantage. An RCT of Hospital in the Home (admission substitution) which targeted older patients and completely substituted home treatment for acute treatment in hospital, by randomising patients presenting to the emergency department, found a decrease in confusion and other geriatric complications with home treatment [8] . In that study, confusion was assessed using review of patient notes, most of which would have met DSM IV criteria. In this study, using more rigorous criteria, prospective testing and a slightly different patient group, the outcome has been replicated. This finding is important because delirium is a marker of acute deterioration in frail elderly patients with long-term health consequences, and therefore a useful, but nonspecific, acute-on-chronic health outcome. Our finding of reduced delirium suggests the possibility that a much larger study, with greater power, in similar frail elderly patients may find significant differences in the consequences of delirium, namely morbidity and mortality.
This study found significantly lower costs associated with home treatment, as have others [20, 24, 29] , whereas some studies have suggested no savings at all [30, 31] . This is partly because of the difference in LOS that we found which demonstrates, we believe, that effective discharge timing into post-acute care requires criteria for discharge that allow patients to be confident in accepting discharge advice [21] . Sometimes, the service studied does not substitute for in-hospital care but merely adds an additional service on after hospitalisation [30] . Timing of discharge to post-acute care may vary in different health systems depending on a variety of factors including cost pressures. In the US, a patient would not be retained in acute care until they could transfer independently and mobilise to the toilet, because of a desire to save money by managed care funds. This study suggests that overall costs are lower with slightly more time in acute care and home-based post-acute care.
Another problem that bedevils economic analyses of new services is slow recruitment when the service is first set up, and especially if conducting a trial, mentioned above. A newly created team delivering a new service will run at less-than-efficient rates. However, we have grafted this new service onto an existing multiskilled hospital outreach team, thereby ensuring it was always working at high efficiency.
To patients, and many clinicians, the most important difference between the two groups is the higher satisfaction rating. Controlled studies have found that patients are more satisfied with treatment at home compared to in hospital [8, 29] . In some cases, carers were also more satisfied with home care [8] . Consumers' views are an important aspect of assessing quality of care that should not be ignored in policy decisions. That is, if the more expensive treatment option (hospital rehabilitation) offers no benefit over and above the less-expensive option and is less attractive to patients and carers, the argument switches from defending the home rehabilitation to questioning the control model's intensive institutional bed and resource usage. In some countries, such rehabilitation might not take part in hospital but rather in a skilled nursing facility or other post-acute facility. Institutional care is still associated with risks and costs [22] .
If home treatment as a substitution for hospital treatment can deliver better health outcomes and greater patient satisfaction at a lower cost, it should be more widely utilised. It does not mean that we can close all our rehabilitation beds nor can we reduce the cost of rehabilitation to nothing. Successful home treatment, replacing in-hospital care, depends on careful selection of patients and their homes and adequate resources for the home treatment team.
Limitations
The study does have some limitations. The number of patients we recruited was low as a percentage of those assessed for the trial, although this is not because the service is only suitable for a small number of patients. It is difficult to convince patients and their carers that the decision about staying in hospital or going home should be left up to a computer-generated random number. For our Hospital in the Home service, delivering acute treatment at home, during the trial phase, we initially recruited only one patient per fortnight. Now we treat over 20 patients in an average fortnight. But the study was only conducted at one centre; therefore, the generalisability may be questioned. The assessors were not blinded to the patients' group allocation after the initial assessment, which may have allowed unconscious biases to alter the scores. However, such blinding is technically very difficult, where subjects are in two such different settings.
The study patients going home for rehabilitation had to improve to a greater level before they could go home, and this was demonstrated by the significantly higher FIM score at the start of rehabilitation in the home rehabilitation group. It is also reflected in the acute LOS which is longer, though not significantly so, for the home group. There was also more time for clinical deterioration in hospital for the home group, if it was going to happen. So, amongst the patients who did not successfully complete rehabilitation, more failed before they went to rehabilitation in the home group (7 versus 1), but overall the proportion was similar (24.3 versus 26.5%) (Figure 1 ).
